Abstract The M protein of rheumatogenic group A streptococci induces carditis and valvulitis in Lewis rats and may play a role in pathogenesis of rheumatic heart disease. To identify the epitopes of M5 protein that produce valvulitis, synthetic peptides spanning A, B, and C repeat regions contained within the extracellular domain of the streptococcal M5 protein were investigated. A repeat region peptides NT4, NT5/6, and NT7 induced valvulitis similar to the intact pepsin fragment of M5 protein. T cell lines from rats with valvulitis recognized M5 peptides NT5/6 and NT6. Passive transfer of an NT5/6-specific T cell line into naïve rats produced valvulitis characterized by infiltration of CD4+ cells and upregulation of VCAM-1, while an NT6-specific T cell line did not target the valve. Our new data suggests that M protein-specific T cells may be important mediators of valvulitis in the Lewis rat model of rheumatic carditis.
Introduction
Acute rheumatic fever (ARF) is a multisystem inflammatory sequela following group A streptococcal (GAS) pharyngitis in susceptible individuals [1] [2] [3] . In ARF, post-streptococcal immune responses target heart, joint, skin, and central nervous system tissues. Carditis is the most serious manifestation of ARF, causing both morbidity and mortality, and is the leading cause of acquired childhood heart disease worldwide [4] [5] [6] [7] [8] [9] [10] [11] . Patients with rheumatic heart disease (RHD) develop valvulitis characterized by mitral stenosis and aortic regurgitation [12, 13] .
The development of RHD is related to the formation of chronic valvular lesions resulting from cytotoxic antibody deposition and T lymphocyte infiltration that disrupt cardiac function [14] [15] [16] [17] [18] [19] [20] [21] [22] . Increased expression of cell adhesion molecules including VCAM-1 on the valve surface has been linked to the expression of proinflammatory cytokines, including IFN-γ and TNF-α, from invading macrophages and T cells [20, [23] [24] [25] . While invading T cells appear to be important mediators of valvular damage, their precise role in the recognition, invasion, and destruction of cardiac valve tissue in rheumatic carditis is incompletely understood.
The pathogenesis of ARF is thought to be mediated through autoimmune mechanisms initiated by cross-reactive immune responses between host and GAS antigens [26] [27] [28] . The streptococcal M protein, unique to GAS, is an extracellular virulence factor structurally and immunologically similar to several heart antigens including human cardiac myosin (HCM), tropomyosin, and laminin [16, [29] [30] [31] . Variation in M protein sequences is associated with rheumatogenic GAS strains that express a specific subset of M protein serotypes related to the development of ARF [32, 33] . Of the known rheumatogenic serotypes, M types 5 (M5) and 6 (M6) have been the most extensively studied for their ability to provoke cross-reactive autoimmune responses against host antigens [3] . The extracellular portion of the M protein can be subdivided into three regions based on amino acid similarities among serotypes: the hypervariable N-terminal A repeat region, which confers serotype specificity on GAS strains, a variable midregion known as the B repeat, and the highly conserved C repeat of the C-terminal region that is shared by most M protein serotypes [34] . Immunization with peptides of the A and B repeat regions elicits rheumatoid lesions characterized by antibody deposition and infiltration of CD4+ cells in the heart [35, 36] . The A, B, and C repeat regions have been implicated in development of cross-reactive T cells in human RHD patients [24, 25, 37, 38] , and T cells from rheumatic valves have been shown to proliferate in the presence of peptides from the A and B repeat regions of streptococcal M protein and peptides of light meromyosin and the S2 subfragment of HCM [22, 24, 25] .
Animal models have contributed to the elucidation of cross-reactivity between the streptococcal M protein and cardiac antigens. Previously, we have demonstrated that immunization with recombinant M6 protein leads to the development of valvulitis and myocarditis in Lewis rats [39] . Both CD4+ and CD8+ cells were observed in valvular lesions characterized by the presence of verrucae-like nodules and Anitschkow cells. T cells from streptococcal M6 immunized animals proliferated in the presence of HCM and M6 protein.
In a companion study, HCM-immunized Lewis rats developed severe myocarditis and valvulitis and generated T cells that recognized peptides of the M5 protein [16] . Recently, animal studies utilizing the Lewis rat model of experimental autoimmune valvulitis revealed that immunization with the streptococcal recombinant M5 protein produced valvular lesions with infiltrates of CD4+ and CD68+ cells that were consistent with findings of inflammatory T cells and macrophages in valves of RHD patients [40, 41] . Together, the work supports the use of the Lewis rat model to uncover the role of the M protein and T cell cross-reactivity in the pathogenesis of RHD.
In the valvulitis model, the cardiopathogenicity of M protein-specific T cells has not been evaluated. Our study used 25 overlapping M5 protein peptides spanning the A, B, and C repeat regions to select potential valve-infiltrating T cell lines. Peptide-specific T cells from the A and B repeat regions were capable of passively transferring valvulitis to naïve animals with characteristic CD4+ cell infiltration and VCAM-1 upregulation. The data suggest that the Lewis rat model of experimental autoimmune valvulitis will provide important insights into streptococcal-induced, cardiopathogenic T cell responses.
Methods

Antigens
Streptococcal peptides were synthesized as 18-mers with 5-aa overlap and purified by high pressure liquid chromatography based on the M protein sequence of M5 Manfredo strain (Table 1 ) [42] . Streptococcal pepM5 was prepared in our laboratory according to previously described procedures [42, 43] . All experiments with animal use were approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Oklahoma Health Sciences Center. 10 killed Bordetella pertussis whole organism as an additional adjuvant [16] . Seven days after the primary immunization, rats were boosted subcutaneously with 500 μg protein or peptide emulsified in Freund's incomplete adjuvant. Negative control rats only received phosphatebuffered saline (PBS) emulsified in Freund's adjuvant and B. pertussis injections. Rats were euthanized 21 days after the primary immunization by cardiac exsanguination. Heart, liver, and kidneys were fixed in 10 % buffered formalin and embedded in paraffin. All tissues samples were given a five-digit numerical code prior transfer to the OUHSC Pathology Department to ensure that tissues were assessed for histological changes in an unbiased, blinded fashion. Then, 5-μm sections were cut and stained with hematoxylin and eosin for microscopic histological examination. Myocarditis and valvulitis lesions were semi-quantitatively scored as mild (1+) for 10 % of tissue affected with focal lesions, moderate (2+) for 25 % of tissue affected with focal lesions, severe (3+) for >50 % of tissue affected with lesions, or confluent lesions (4+) affecting the majority of the tissue. Liver and kidney from each animal revealed no cellular infiltration.
Generation of Rat T Cell Lines
Popliteal lymph nodes from animals with valvulitis were excised and single cell suspensions were generated by forcing the tissue through a wire mesh. Cells were washed with Iscove's modified Dulbecco's medium (IMDM; Gibco), separated by Ficoll Hypaque (Sigma), and lymphocytes recovered after centrifugation. Lymphocytes were cultured in a 96 well plate for 7 days in RPMI 1640-complete supplemented with 2-mercaptoethanol (5×10 −5 M), L -glutamine (2 mM), sodium pyruvate (1 mM), penicillin, streptomycin, nonessential amino acids, 5 % fresh autologous serum and pepM5 at 50 μg/ml. Lymphocytes were restimulated with pepM5 pulsed antigen presenting cells (APCs), which were treated with mitomycin C. Con A stimulated rat spleen cells were added (20 % v/v) 48 h post-stimulation and the cells cultured for an additional 7 days with IL-2. To determine specificity, lymphocytes were stimulated with pepM5, labeled with tritiated thymidine (1 μCu/well), and harvested onto filtermats using a Mach 2 Man cell harvester (Wallac, Gaithersburg, MA, USA). Thymidine uptake was measured by liquid scintillation counting (1025 Rackbeta Counter, Wallac). Stimulation indices were calculated as follows: average CPM of test wells/ average CPM of unstimulated control wells. Lines with stimulation indices of 2 or higher were considered positive for pepM5 and specific peptide antigens.
Epitope Mapping
Specificity of the generated T cell lines was determined by M5 protein specific-peptide induced proliferation and thymidine incorporation. Cells were cultured with irradiated splenocytes in the presence of specific peptide then labeled with tritiated thymidine, harvested, and counted as described above. Stimulation indices of 2.0 or higher were considered positive. Cultures were performed in duplicate for each peptide and control wells (medium alone) to examine fine specificities of the T cell lines.
FACS Analysis
T cells were analyzed by flow cytometry for cell surface expression of CD3, CD4, and CD8 molecules in addition to αβ and γδ T cell receptor proteins. Analysis was performed on a FACScan flow cytometer using CellQuest software (BD Biosciences).
Cytokine Analysis
For analysis of cytokine profile, 1×10 4 cells of each T cell line were cultured with irradiated autologous PBMC (1×10 5 cells/ well) in the presence and absence of pepM5 for 24 h. Resultant supernatants were tested for the presence of IFN-γ and IL-4 using the Cytoscreen ELISA kit (Biosource International, Camarillo, CA) according to manufacturer's instructions. Optical density was detected at 450 nm (Dynatech MR 700) and cytokine concentrations detected were compared with known amounts of cytokine standards.
Passive Transfer T cells lines were washed, concentrated by centrifugation, and intravenously injected into naïve rats at 9×10 6 (p1.14 and p1.17) or 1×10 7 (p1.8) cells. Passive transfers with control splenocytes revealed no infiltration of heart tissue. Two weeks post-transfer, hearts were removed and histologically examined for the presence of mononuclear cell infiltrates in valve tissue. All transfers were performed in triplicate. Results were expressed as the number of rats with valvulitis/total number tested.
Immunohistochemistry
Heart, liver, and kidney from both immunized and T cells passive transferred animals were embedded with paraffin to produce slides containing 5-μm tissue sections. Tissue sections were deparaffinized in a 3:1 mixture of Hemo-D/ xylene and rehydrated in graded ethanol. Deparaffinized sections were subjected to antigen retrieval using citrate buffer [20] . Sections were blocked then probed with anti-CD4, anti-CD8, isotype control (Abcam), or VCAM-1 (Santa Cruz Biotechnology) mAbs followed by incubation with a universal secondary biotinylated antibody (JacksonImmunoResearch). Sections were developed with streptavidin alkaline phosphatase and fast red substrate (BioGenex) then counterstained with hematoxylin.
Statistical Analyses
Statistical analyses were performed for group peptide and individual peptide immunizations as well as for the passive transfer experiments. The p values were calculated by oneway analysis of variance (ANOVA) for comparison of more than two groups.
Results
Induction of Valvulitis in Lewis Rat by Streptococcal M Protein Peptides
Examination of heart sections from pepM5-immunized rats revealed regions of valvulitis. Sections of rat hearts were stained with hematoxylin and eosin and microscopically evaluated for cellular infiltrates in the valves. Cardiac valvulitis found in two-thirds of immunized rats was characterized by infiltrating mononuclear cells comparable to previous results using recombinant M6 protein [39] . Cellular infiltrates were observed in approximately 25 % (score 2+) of the valvular endothelium and in deeper valve tissue containing interstitial accumulations of mononuclear cells along with pronounced edema (Fig. 1a and inset) . No lesions or cellular infiltrates were observed in the valves of adjuvant controls (Fig. 1b) . The presence of both CD4+ (Fig. 1c) and CD8+ (Fig. 1d) T cells was confirmed in valves from pepM5 immunized rats, but not in adjuvant control animals (Fig. 1e) . The data was similar to valve tissue removed from human RHD patients in which CD4+ and CD8+ cells were found in necrotic Aschoff body lesions [20] .
To identify cardiopathogenic epitopes, overlapping synthetic peptides representing the A (N-terminal), B, and C repeat regions of the GAS M5 protein were used to immunize Lewis rats ( Table 1 ). The specificity of M protein-induced carditis was initially determined by immunization with group combinations of five peptides (Table 2) . Hearts from immunized rats were examined for lesions and compared to valves from animals immunized with intact GAS pepM5 or adjuvant alone ( Fig. 2 and Table 3 ). M protein peptides from Groups 1 and 2 of N-terminal peptides (A repeat region) induced 2+ valvulitis similar to pepM5 with cross-sections of valves showing mononuclear cell invasion and macrophage-like cells in approximately 25 % of the valve tissues (Fig. 2a-d and Table 3 ). Valves from Group 2 (NT5-8)-immunized rats revealed pronounced edema in addition to mononuclear cells (Fig. 2e) . While cellular infiltrates penetrated the valve endothelium, myocarditis was not observed in Group 1 or 2 immunized animals. In contrast, Group 3 containing B repeat peptides (B1A-B2B3A) was found to induce mild myocarditis as seen by multifocal mononuclear cell infiltrates in the right ventricular free wall in one of three animals tested (Fig. 2f) . The observed lesions were similar in placement to the severe myocarditis found in HCM-immunized animals [16] . Valvular and myocardial cellular infiltrates appeared to be heart specific; no lesions were present in tissue sections from livers and kidneys. Heart tissues from rats immunized with peptides Groups 4 (B3A-C1B) and 5 (C1-C3) as well as the adjuvant control were histologically normal with no detectable presence of cellular infiltrates (data not shown). The data demonstrate that peptides from the A repeat region of streptococcal M5 protein produce valvulitis in Lewis rats.
To further localize specific cardiopathogenic N-terminal M5 epitopes, Lewis rats were immunized with individual M protein peptides from the A repeat region (Fig. 3 and Table 4 ). Histological examination of heart tissue revealed that Nterminal peptide NT4 (residues 40-58) was capable of inducing valvulitis in approximately 25 % of valve tissues characterized by mononuclear cell infiltrates and edema (Fig. 3a) . The NT4 peptide also produced multifocal myocarditis with infiltration of both neutrophils and mononuclear cells (Fig. 3b) in approximately 10 % of tissues and was comparable to the results observed for intact pepM5. Immunization with peptide NT5/6 (residues 67-84) (Fig. 3c) and NT7 (residues 85-102) (Fig. 3d ) revealed cellular infiltration in over 25 % of the mitral valve through the endothelium at the valve surface. Lymphocytes and monocytes likely infiltrated the valve through the endothelial surface and not from the myocardium as no lesions were observed in the myocardium in contrast with peptide NT4 and pepM5 immunizations. While NT4, NT5/6, and NT7 all induced valvulitis characterized by moderate to severe mononuclear cell infiltration, only valves from NT 7-immunized animals were found to have Anitschkow-like cells similar to previously reported data using M6 protein [39] . Anitschkow cells are characteristically seen in hematoxylin-and-eosin-stained sections of rheumatic hearts, and are termed "owl-eye" cells because of their appearance due to a condensed nucleus. The data demonstrate that individual M protein epitopes from the N-terminal region of M5 protein are capable of producing valvulitis in rats similar to the intact pepM5 or the recombinant M5 proteins and share characteristics of valves from RHD patients.
Passive Transfer of M5-specific T Cell Lines to Naïve Animals
To further characterize streptococcal M protein induced valvulitis, T cell lines were established from pepM5 immunized animals. A total of 13 lines were generated (Table S1 ). The cell lines were characterized as CD3+, CD4+, αβTCR+and all lines recognized intact pepM5. Two T cell lines recognized the N-terminal peptides of the A repeat region of the GAS M5 protein. Line p1.14 reacted strongly with both NT5/6 and NT6 while line p1.8 recognized NT6 alone (Table S2 ). Line p1.14 was of particular interest due to its ability to recognize peptide NT5/6 as immunization with this specific peptide caused moderate valvulitis in the Lewis rat model (Fig. 3c) . Three other lines, p1.15, p1.17, and p1.22 were specific for streptococcal M5 protein B repeat region peptides B2 and B3A, which share a high degree of sequence homology (data not shown; See Table 1 ).
PepM5-induced cytokine production was evaluated in the five T cell lines. All five lines secreted IFN-γ in response to the pepM5 fragment (range 400-2,200 pg/ml), while none of the T cell lines produced IL-4. T cells/clones derived from RHD also produced IFN-γ and no IL-4 [44] . T cell lines p1.8 (NT6-specific) and p1.14 (NT5/6-specific) both secreted 750 pg/ml IFN-γ with pepM5 stimulation. The pattern of cytokine secretion by T cell lines indicates a strong T H 1 response to pepM5 stimulation and is identical to reported pro-inflammatory cytokine secretion by human T cell clones from RHD patients [24, 25] .
To confirm that pepM5 immunization produced crossreactive, pathogenic T cells that could recognize and invade cardiac tissues, T cell lines p1.14 and p1.8 were passively transferred by intraperitoneal route into naïve Lewis rats. NT5/6-specific line p1.14 was capable of migrating to and infiltrating heart tissues causing valvulitis in the Lewis rat model with cellular infiltrates present in over 25 % of valve tissues (Fig. 4a and b and Table S3 ). In contrast, T cell line 1.8, which recognized only the NT6 epitope of pepM5, did not invade heart tissues ( Fig. 4c) even when a million additional cells (1×10 6 ) were transferred into naïve animals in comparison to T cell line p1.14 ( Fig. 4a and b) . Normal splenocytes from PBS injected animals did not infiltrate the heart (Table S3 ). To ensure that passive transfer results of p1.8 and p1.14 were not solely due to differences in pepM5 stimulation indices, T cell line p1.17 specific for the B2 and B3A epitopes was used as a control as its pepM5 stimulation index was similar to that of T cell line p1.8 (Table S1) peptide Group 3 that contained B repeat peptides did not cause valvulitis, T cell line p1.17 did home to the valve (Fig. 4d) supporting previous work that demonstrates T cell responsiveness to B repeat region peptides [25] .
The presence of T cell line p1.14 in hearts from passively transferred animals was confirmed by immunohistochemistry. CD4+ cells were observed in cardiac tissues of p1.14 infused animals (Fig. 5a ), but not those from animals passively transferred with line 1.8 (Fig. 5b) . The cell adhesion molecule VCAM-1 is induced by pro-inflammatory cytokines including IFN-γ and TNF-α secreted by activated T H cells and is required to promote T cell infiltration into tissues during immune responses. Heart tissues from the T cell line p1.14 passive transfer revealed detectable VCAM-1 staining by immunohistochemistry (Fig. 5c ) in comparison to T cell line p1.8 transferred tissues (Fig. 5d) . The ability of the NT5/6-specific p1.14 T cell line to passively transfer valvulitis is significant, not only in that it demonstrated pepM5-specific T cells target the heart valve in vivo, but that the p1.14 T cell line is also capable of potentially inciting endothelium activation to aid in a Group 1 the infiltration and subsequent damage of the valve. The relevance of the Lewis rat passive transfer model is in its comparison to derived intralesional T cell clones generated from human rheumatic valve. A human T cell clone was found to be specific for the M protein epitope DKLKQQRDTLSTQKET that overlaps with the NT5/6 epitope recognized by p1.14 ( Fig. 6 ) [24] and is the same epitope that has been associated with greater severity of disease in RHD [45] . The data provide direct evidence that streptococcal M protein specific T cells migrate to the heart in vivo and likely contribute to valvulitis in the Lewis rat model.
Discussion
To our knowledge, this is the first report to demonstrate the passive transfer of streptococcal M protein-specific T cell migration and infiltration to cardiac tissues in vivo. The experimental design enabled identification of dominant crossreactive epitopes located in the A and B repeat regions of M5 protein. Three groups of M protein peptides representing all N-terminal peptides (A repeat region) and the more centrally located B repeat region peptides were capable of inducing mononuclear cell invasion of heart valves or myocardium in the Lewis rat model of autoimmune valvulitis (Fig. 2a-f and (Table 2 ) [38, 40, 41] . The disparity of results between the immunization studies may be due to differences in our peptide length and amino acid sequence overlap. Individual epitopes of the rheumatogenic serotype M type 5 protein were capable of initiating valvulitis in the Lewis rat model producing changes that are consistent with lesions from rheumatic valves. M5 protein peptides NT4 (40-58), NT5/6 (67-84), and NT7 (85-102) induced valvulitis in Lewis rats (Fig. 3a-d and Table 4 ). Tissue sections from animals immunized with individual M protein peptides revealed moderate to severe mononuclear cell infiltration into the valve as well as the presence of Anitschkow cells identical to that found with intact pepM5 immunization. The results mirror those from previous studies using recombinant M5 and M6 proteins [39, 40] . The ability of the NT4 peptide to induce both valvultis and myocarditis is of special interest as epitope mapping studies from rheumatic carditis patients show high antibody reactivity to this peptide [46] .
Previously, we have shown mice developed mononuclear cellular infiltrates in myocardium after immunization with specific M5 peptides located within the A and B repeat regions of the M5 protein molecule. Immunization of mice with M5 peptides NT4, NT5, and NT6 led to the formation of focal myocarditis characterized by cellular infiltrates in hearts and all three peptides share sequence homology with cardiac myosin [35, 47] . In addition, antibody from animals immunized with NT7 strongly reacted with HCM [35, 47] . In our study, Lewis rat immunizations with peptide NT5/6 produced cellular infiltration of the valve, but not NT5 or NT6 -suggesting that the pathogenic epitope is found only in the overlapping peptide sequence. This is supported by reports on RHD, where the NT5/6 peptide sequence is recognized by intralesional T cell clones [24] . Our previous data suggests that regions of M proteins that share homology exclusively with cardiac myosin, tropomyosin, or laminin may break tolerance and induce heart disease [25, 35, 48] .
To further characterize cell-mediated pathology, CD4+ T cell lines were established from Lewis rats immunized with pepM5 (Table S1 ). Of the five peptide-specific T cell lines produced, p1.14 and p1.17 were shown to transfer valvulitis to naïve animals. Most importantly, T cell line p1.14, which recognized the N terminal peptides NT5/6 and NT6, was capable of invading valve tissue upon passive transfer whereas T cell line p1.8, which only recognized NT6, did not produce cellular infiltration of the valve, even in the presence of 10-fold more cells (Fig. 4a-c , Tables S2 and S3 ). Immunohistochemistry for CD4+ T cells revealed valvular infiltration by T cell line p1.14 (NT5/6), but not by line 1.8 (NT6) (Fig. 4a,b) . The transfer results are supported by individual peptide immunization studies and strongly suggest that the NT5/6 M5 protein peptide was capable of provoking a cardiopathogenic T cell response.
In rheumatic carditis, expression of cell adhesion molecules including VCAM-1 is necessary for the recruitment of pathogenic T cells to heart tissues [20] . IFN-γ and other proinflammatory cytokines such as TNF-α secreted by antigenactivated T cells may play an important role in the development or maintenance of valvulitis by inducing increased expression of VCAM-1 on valvular endothelium, which in turn, increases the rate of mononuclear cell recruitment to the valve surface.
In ARF and RHD, a majority of T cells isolated from heart and peripheral blood were found to secrete IFN-γ in contrast, the cells were found to secrete only small amounts of the T H 2 type cytokine IL-4 [44, 49] . In this study, we evaluated M5-specific T cell lines for IFN-γ and IL-4 secretion patterns. Both the p1.14 and p1.8 T cell lines secreted identical amounts of IFN-γ and no IL-4 with pepM5 stimulation, however only the NT5/6-specific p1.14 T cell line induced an upregulation of VCAM-1 on the valvular surface ( Fig. 5c and d) , indicating most importantly that epitope specificity as well as IFN-γ secretion may be required to promote attachment and invasion of valve endothelium. Additional studies will be needed to clarify the cellular and molecular factors necessary to mediate M protein-specific T cell infiltration into the heart. Mimicry between streptococcal M protein and cardiac myosin has been reported in our laboratory as well as many others (for review, see [4, 27] ). In ARF, T cell mimicry is defined as recognition of related epitopes that arise from similarities of the α-helical coiled-coil structure in streptococcal M proteins and HCM, tropomyosin, and laminin of the heart. T cell cross-reactivity to distinct α-helical coiled-coil proteins may involve the repetitive seven amino acid residue periodicity that maintains α-helical structure and thus creates a high number of degenerate possibilities for recognition by T cells [29] . Recent crystal structure analysis of the streptococcal M protein supports how the alpha helical structure is related to both virulence and cross-reactivity [50] . Studies of ARF/RHD T cell clones have demonstrated that cross-reactive streptococcal M protein and heart antigens are recognized by an individual T cell [24, 25] . While this study did not evaluate cross-reactivity to heart antigens, an intralesional human T cell clone from ARF/RHD with epitope specificity for streptococcal M5 NT5/6 was found to also recognize an epitope of HCM light meromyosin that shared an 87 % amino acid homology with the NT5/6 sequence [24] . The M5 epitope DKLKQQRDTLSTQKET corresponding to NT5/6 may also distinguish severe and mild forms of ARF/RHD [45] . The M5 peptide NT5/6 sequence was preferentially recognized by 46 % of T cells from patients with severe RHD, in comparison to 27 % of mild RHD and 8.6 % healthy subjects [45] . While the data suggest that streptococcal M5 NT5/6 peptide is an important mediator of valvulitis and RHD, further analyses will be required to explain its role in autoimmune carditis.
The new data demonstrates that the Lewis rat is a robust model to simulate pathogenic valvulitis using specific epitopes of the streptococcal M protein. The elucidation of the individual steps of rheumatic valvular heart disease will be important for understanding the role of streptococcal M protein in driving autoimmune cell-mediated immune attack against heart valve and myocardium. The clinical relevance of the new data is the characterization of the M5 peptide NT5/6-specific T cell line p1.14, which will serve as a useful tool in dissection of the experimental autoimmune valvulitis model and rheumatic carditis pathogenesis. A greater understanding of the crossreactive and immunopathological events in valvulitis and RHD may provide new insights into the diagnostic markers and treatment options. While the study only evaluated a small number of animals, we were able to consistently induce and passively transfer valvulitus using specific M5 peptides NT 4, NT 5/6, NT 7, and B2-B3A. The collective evidence suggests that amino acid sequences in M5 protein which share homology with cardiac myosin may break tolerance and promote Tcell-mediated inflammatory heart disease in our Lewis rat model of autoimmune valvulitis as well as RHD in humans.
